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THE ATSDR HEALTH ASSESSMENT: A NOTE OF EXPLANATION

Section 104(1)(7)(A) of the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (CERCLA), as amended, states
“...the term 'health assessment’ shall include preliminary assessments of
potentjial risks to human health posed by individual sites and facilities,
based on such factors as the nature and extent of contamination, the
existence of potential pathways of human exposure (including ground or
surface water contamination, air emissions, and food chain contamination),
the size and potential susceptibility of the community within the likely
pathways of exposure, the comparison of expected human exposure levels to
the short-term and long-term health effects associated with identified
hazardous substances and any available recommended exposure or tolerance
limits for such hazardous substances, and the comparison of existing
morbidity and mortality data on diseases that may be associated with the
observed levels of exposure. The Administrator of ATSDR shall use
appropriate data, risk assessments, risk evaluations and studies available
from the Administrator of EPA."

In accordance with the CERCLA section cited, the Agency for Toxic
Substances and Disease Registry (ATSDR) has conducted this Preliminary
Health Assessment using the data available to ATSDR. Additional Health

Assessments may be conducted for this site as more information becomes
available to ATSDR.

Use of trade names is for identification only and does not constitute
endorsement by the Public Health Service or the U.S. Department of Health
and Human Services.
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National Friorities List site, is in St. Louils Tcunty, Mi
is a U.S. Department cf Energy (DOE) Fcrmerly Utilized Site Remedial
Action Frogram (FUSRAF) activity and is near the St. Louis Internaticnal
Airport and the McDonnell Douglas Corporation. The site was used tc store
radicactive materials resulting from uranium processing from 1946 to

1973. High levels of uranium, thorium, radium, and radcn were detected in
scil, groundwater, and air. The Agency for Tcxic Substances and Cisease
Fejistry considers the St. Louls Airpcrt Site to be a potential health
cencern because of the emission of raden and the presence cof thorium in
cn-site air and off-site scils and the emissicn of radiaticn resulting

from the presence cf these materials.



BACKGRDUND

A. SITE DEGCEIFTION AND HISTOFRY -

The St. Louis Airport/Hazeimilar threats tc public health (Mitre, 12881,
The areas are alsc listed on the Department c¢f Energy (DOE) Formerly

Utilized Sites Remedial Action Frogram (FUSFAF) .

The SLAPSS is the largest of the three areas, covering 21.7 acres, and is
appreoximately 15 miles northwest of downtown St. Louis. To the south is
Banshee Rcoad and a Norfork and Western Railrcad line, to the west 1is
Ccldwater Creek and tc the nerth and east is MzDeonnell Boulevard. Next to
the SLAPSS is the St. Louis International Airpecrt on the south. The
Berkeley Khoury League Park is to the north and the McDonnell Douglas
Corporaticn is to the west and southwest. The SLAFSS slopes to the west
toward the creek that is about 20 feet belcow the site and 500 feet akove

mean sea level.

The HISS and FUTURA Sites are approximately 0.% mile from SLAFSS and
approximately 2 miles northeast of the St. Louis Airpcrt control tower and
cover about 11 acres. They are bounded on the north by Latty Avenue, on
the east by the city of Berkeley, on the south by Hazelwcod, the Nerfork
and Western Railrocad and a tributary cf the Coldwater Creek, and on the

west by Coldwater Creek (Figure 2).
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In 194¢, the area was acguired by the Manhattan Engineering District cof
the U.S. Army and used to store uranium wastes generated by the
Mallinckrodt operation in St. Louis. Wastes stored at these sites alsce
included scrap metals, drums, covered piles, and unstabilized piles cf
process waste. At the SLAFSS, the uranium-prccessing wastes were stored
on open ground and once covered twe-thirds of the area to an estimated
height of 20 feet. 1In 1957, contaminated scrap metal and miscellaneous
radioactive wastes were buried on the west portion of the SLAPSS (USDOE,
1986a). 1In 1966, folleowing purchase by the Continental Mining and Milling
Company (CMM), the wastes were transferred from the SLAPSS to the HISS.
In 1967, CMM sold the property and wastes tc the Commercial Discount
Ccrporation of Chicage. The waste was then dried and shipped to the
Cotter Corporation in Ceclorado. 1In December 12€9, the Cotter Corperation
purchased the remaining wastes at the RHISS and shipped some material to
Colerado. By late 1970, approximately 12,000 tons of uranium-processing
waste (raffinate) and barium sulfate remained at the site. By 1973, mcst
of the wastes was transferred to the Latty Avenue areas and the residual
processing wastes had been removed to the Cotter Corporation in Canon

City, Colorado.

Besides the wastes at the present NFL site, additional wastes were moved
to either the Weldon Springs Quarry NPL site, alsc in Missouri, c¢r tc the
West Lake Landfill in S§t. Lcuis County. During the latter part cof the
1960's, the SLAPSS land was transferred tc the St. Leouis Airport Authority
that partially remediated a portion of the area. The remediaticn included

demoliticn ¢f existing buildings and burying the wastes on-site. The area

b
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was covered with about 3 feet cf clean £ill during 1962, In 1977, the
responsibility for the property, but not cwnerchip, was returned tc the

DOE that was formed from the breakup of the ZET (UZDTE, 1986k .

turther remediaticon cof the HISS and FUTUFA Sites in 1977 generated

13,000 cubic yards of contaminated material that were placed in a pile at
the HISS area. Llater, the Nuclear Regulatory Commission (NRC) directed
excavation of contaminated scils on the eastern pertion of this area. In
1982, the HISS and FUTUFA Sites were placed on the DOE FUSFAF list. &Alsc
in 1982, ditches surrcunding the SLAFSS were sampled by Bechtel Naticnal,
Inc. The results of this sampling delineated the limits of the U-Z3f and

Ra-2Z6 contamination.

During 1984, additicnal remediation at Latty Avenue generated ancther
14,000 cubic yards that were stored in a second pile at HISS. Alsc during
this time, a vehicle deccntamination area was ccnstructed, the area was

fenced, and the waste piles consclidated.

In 1985, the DOE was authorized to reacquire the site (Public Law 98-360)
and use the site as a permanent disposal site fcr the waste existing on
the site at that time. Also, contaminated scils from ditches surrcunding
the site and wastes stored at HISS were tc be stored at the site. Erosion
along the SLAPSS was reduced by installing rock filled structures alceng
the western edge of the site. At Latty Averue lccaticns, monitering wells
were installed. The DOE alsc directed the Cak Fidae National Labcratory
(CRNL) tc survey the haul roads between these storage areas. BRased con

r contaminant detected was thorium-230 (Th-227) and

(D]
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prrtions of the haul roads were tco be remediated. These areas included

[ON

pertions of Hazelwood Avenue, FPershall Road, and McDennell Boulevar

In 1%8€, the roads leading tc these areas were improved and during this
acti~n, additiconal contaminated scils were removed from the area. Alst,
brrel.vles were drilled at the 3LAPSS tc define the nature and extent c¢f the

contamination (USDQE, 1986a,b).

The tctal amcunt cof the wastes believed tc have been stored at the SLAFSS
is 125,150 teons, of which 241 tons were believed tc be uranium, either
naturally cccurring (U-nat) or uranium-z38 (U-238). OCf this amcunt, the
wastes perhaps consisted of 106,500 tons of raffinate, 10,200 tons cof
leached or unleached barium sulfate, 4,000 tons of dolomite and magnesium
fluoride, 3,500 tons of scrap metal, 600 tons of U-containing sand and
other contaminated materials in 2,400 drums, and 350 tons c¢f miscellanecus

wastes (Mitre, 1988).

B. SITE VISIT

The Agency for Toxic Substances and Disease Registry (ATSDR) conducted a
site visit on February 5, 1990. Participating in this visit were an ATSDF
Health Physicist, a representative from the State ¢f Missouri Department of
Health, representatives from DCE and its contractcr, Bechtel Naticnal,
Inc., and a representative from the EFA. During the site visit, a tcur of
the Naticnal Friorities List (NFL) site and cff-site envircns was given as
well as an histcrical perspective of the cperations resulting in the

fcrmation of the SLAFFS site.
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C. COMMUNITY HEARLTH CONCERNS

There have been many concerns for the health and safety of the residents
1 S8t Louls because c¢f the presence ¢f this site. In 1987, the ATSDF
released a health ccnsultation but could not adequately address the site
then because of limited data. In that same year, a letter tc the

U.S. Senators and Fepresentatives of the regicn expressed concerns about
the high concentrations of radicactive materials detected in soils,

sediments, and the Coldwater Creek envircons.

In 1988, the St. Louis Bcard of Aldermen passed a resclution stating their
reluctance "that a permanent radioactive waste site near the airport wculd
be in the best interest to area citizens or the local envircnment.” The
Board additicnally remained opposed to releasing the title from the city
to DOE for the purposes of site expansion (Resolution 146) unless specific
conditions were met. In 1990, the Aldermer voted to offer R1 acres near

the airport to the DOE (St. Louis Post-Dispatch, Fektruary 5, 1990).

There is concern over the presence of 9 cases of cancer among the
residents in the hcmes closest tc the HISS. Citizens in this area of
Hazelwood requested the Missouri Department of Health tc investigate these
cancer occurrences in the area and other FUSRAP sites in the St. Lcuils
area. In a response to the citizens, the State of Missouri investigated
the possibility of a cancer cluster asscciated with the HISS. Althouzh
the State fourd no abnormal clustering, additicnal assistance from the

Centers for Disease Contrel was regquested (Appendix 1). This regquest has
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been referred to ATSDF. Members cf the Divicsicn <f Health Studies, ATSDF,
have met with the State and are investigating the survey methodolegy usel

by the State cf Misscuri.

DEMOGRAFHITS, LAND USE, AND NATUFAL RESOURCE USE

The three areas comprising the NFL site are in a commercial and industrial
area. The McDonnell Dcouglas Corporation is within 0.5 mile cf the site
and employs apprcximately 33,000 people. FRunways from the St. Lcuis
Alrport terminate near the SLAPSS bcundary con the scuthwest edge of the
site. The closest community to any one cf the three areas is Hazelwood,
Missouril, at a distance of less than 0.3 mile frcem HISS. The Hazelwoed
population in the 1980 census was 8,819 with mest residents living north
of I-270, which is about 0.75 mile north of the property. The town of

Berkeley (1980 population of 16,146) is tc the south (Mitre, 1988).

A recreaticnal area, Berkeley Khoury Leaque Fark, 1s to the north cf the
SLAFSS and is contaminated with radioactive wastes previously stored at

this site.

Coldwater Creek forms a site boundary and is not used for any recreaticnal
activities. The nearest well is believed tc be about 1.5 miles north of

the SLAFSS; however, no data are available to suggest if this well serves
as a scurre of drinking water. There are no agricultural activities near

the areas (Mitre, 1988).



ENVIRONMENTAL CONTAMINATITN ARND' OTHEF HAZARDS

A. ON-SITE CONTAMINATICON

Envircenmental m~niteoring locations for the SLAFSS, HISS, arnd FUTUFA areas
are shown in Figures © and 6. Results cf on-site sampling perfcrmed by
the NRT, ORNL, and a DCE contractor found significant levels of
radicactive materials in the groundwater, scils, and air. The
centaminants detected were U-238, U-nat, Th-230 and Th-232, radium-22
(Ra-2C€) and Rn (isotope not specified). The levels detected were in
excess of the regiocnal background (bkg) values for the St. Louils area as
determined by the DOE. Although there is nc surface water at the NFL site
that cculd be contaminated, Ccldwater Creek forms a boundary of the site
(Figure 1) and contaminated surface runcff has entered the creek (Mitre,

1988) .

Greoundwater

Mcnitcring wells were located along the periphery of the site. The
results of these on-site groundwater monitoring locations at the SLAFSS
from 1981 to 1982 showed there were elevated levels of U-238. The yearly
average during this time was approximately 439 picocuries per liter
(pCi/L) (one picocurie eguals 10—12 curies) with the highest well
averaging an excess cof 1,851 pCi/L during this time. Fadium-22¢ and
Th-230 were alsc detected in the groundwater. These monitoring results

show the ccncentrations for Ra-22€ and Th-Z23( were (.64 pTi/L and
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0.8 pCi/L, respectively. The highest ccncentraticns detected showed

levels ¢f 1 pCi/L fer Fa-226 and 1.8 pTi'L fcr Th-230.

In 1968, groundwater mcnitoring at SLAFSS showed the concentraticn of
t~ta! uranium ranged from bkg teo over 5,500 pfi/L, for Ra-226 the
concentrations ranged from bkg to about 1 pTi/L, and for Th-220, the
concentrations ranged from bkg to over 50 pTi/L at on-site locations
(Bechtel, 1989a). At HISS, groundwater samples from the site showed
uranium cecncentrations ranging frem bkg tce 87 pCi/L, Th-230 from bkg to
64 pCi/L, and Ra-226 ranaing from bkg to 3.7 pfi/L. Groundwater samples
from the HISS showed U ranging from bkg to 87 pCi/L, Th-230 from bkg to

64 pCTi/L, and Ra-226 ranging from bkg tc 2.7 pCTi/L (Tables I, I1).

Surface Water

Surface water sampling in Ccldwater Creek by the SLAPSS showed the
concentration of total uranium was 4 pCi/L and the bkg was 4 pCi/L. The
concentrations of Th-230 and Pa-226 were at or below bkg (Bechtel,

1989%a). Surface water measurements for radionuclides at the HISS showed
the presence of total uranium ranging from bkg tc & pCi/L, Th-230 ranging
from 0.1 to 0.9 pCi/L, and Ra-226 ranging from 0.1 to 0.3 pCi/L (Tables I,

II).

Sediment

Sediment sampling at the SLAPFS for total uranium, Th-23C, and Ra-224

showed concentraticons cof 0.9 pCi/g, 4.1 pTi/o, and kkg, respectively
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(Bechtel, 1%8%2a) (Table I). Sediment sampling at the HISS for total
uranium, Th-220, and Ra-ll6 showed averaze . ncentraticns <¢f 1.7 pTi 4,

4.8 pCi.g, and 1.2 pCi/g, respectively (Table II) (Bechtel, 1983%K).

81
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Airborne contamination at these areas consists of hoth gamma radiaticon and
Rn-222. The amount, or intensity, of gamma rays depends on the type c¢f
radicactive material at the site, its concentration and depth from the
surface, and physical distribution in the s2il. This intensity results in
an exposure rate. Measurements cf the gamma ray exposure rate were maie

~

with a pressurized ionization chamber. The Rn-Z27 concentration is
dependent upon the amount of Ra-226 present since Rn-227 is the first
decay product produced during decay cof the Ra-226. Airbcrne measurements
for Rn-222 were the average of 25 staticns determined by alpha track
detectors. The bkag station was 5 miles from the areas.

At the SLAPSS, the gamma exposure rate has been measured at 9-261 10-6
roentgens per hour (R/hr, a roentgen is a unit cf radiation expcsure) with
an average of 84:»'.10-6 R/hr taken along the ncorthern boundary. In 1982,
gamma radiation measurements showed a radiation exposure rate ranging from

- -3
17 to 2,229x10 3 R/yr above a bkg average cf 73 10 "xR’/yr (Rechtel,

1989%a) .

Y
At the HISS area, the exposure rate was 13-55x1C ° R’hr, with an averaae
- 6 .
of 24=z10 R/hr. The exposure rate at the FUTUFA site was

-€
8-27x10 7 R’hr outside existing structures. The btka in the St Lrou:re
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-6 C . . : .
area was 8x10 F’hr. Gamma radiation readinzs at the site during 195%
- -6 .
ranged from 13 teo 55x10 F. hour with an averags exposure rate of

-6
24x10 ~ R hour with the bkg in the St. Leouis area of 8x10 R/hour.

En-222 measurements at the SLAPSS site, includirng the bkg of 0.2 pli/L
ranged from bkg tc 6.8 pCi/L with a maximum average of 3.4 pCi/L. Results
from the HISS were a range from bkg to 2.4 pZi/L with a maximum average cof
1.8 pCi, L. There were seascnal variations in the measurements as gas
emanaticn is dependent on atmospheric temperature and pressure. Ra-210 at
the SLAFPSS for 19882 ranged from 0.3 to 4.€ 71/ L, including a bkg readinzg
ranging from 0.3 to 0.6 pCi/L. Background sampling leccations were located
a minimum of 0.% mile from the site. The average Rn-2ZZ ccncentration at

the site from 1984 to 1988 has ranged from 0.1 pCi/L to 3.6 pTi/L

{bechtel, 198%a). The DOE limit for FUSFAF sites is 3 pCi/L.

Ra-222 at the HISS for 1988 ranged from 0.3 tc 2.4 pCi/L including a bka
reading ranging from 0.3 to 1.0 pCi/L. Background sampling locaticns were
located a minimum cf 5 miles from the site. The average Rn-222
cconcentration at the site from 1984 to 1988 has ranged from 0.2 pCi/L tc

2.2 pCi/L (Bechtel, 198%).

Scils

In a limited characterization for nonraZi_active materials present at the

SLAFSS area, nc elevated levels of tctal craanic halcgens were detected in
scils. This would suagest a lack of or very small amounts cf halcgenated

crganic compcunds such as pesticides, pclychlerinated biphenyls, or
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sclvents. However, three samples sugaested the presence of tctal crganic
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carbon, present at a level ¢of 1 percent. The anzaly
metals suagested the presence, above bka, <f selenium (93 prm), kerylliur
(1980 ppm', nickel (5,820 ppm), ccpper (2,200 ppm), ccralt (4,600 ppm), tin
(4,400 ppm), molykdenum (157 prm), magnesium (19,000 ppm), thallium

(33 ppm), lead (S80 ppm), antimony (2,300 ppm), and cadmium (3.5 ppm)
(Bechtel, 1989c). The depths at which thece samples were ~ollected were

not given. Of these heavy metals, selenium and lead appear tc pcse a

potential health risk.

The concentrations of radicactive materials at the SLAFFS include uranium
{1,600 pCi/g), Th-220 (2,600 pCi/q), Th-2Z22 (63 pCi/g), and Ra-226

(5,600 pCi/qg) (Table I) (Bechtel, 1989c).

The radionuclides detected at the HISS as determined by actual scil
arna.ys:s included U-238 (800 pCi/g), Th-23Z (0.7-5 pCi/aq), Th-230
{790 pCi/g), and Ra-226 (700 pCi/g) (Takle II) (Bechtel, 1987a). The
average depth of the contamination was 3 feet with the deepest

contamination of 6 feet at one location within the site (Bechtel, 1987).
Soil measurements collected at the FUTURA Site indicated the presence of
uranium (2,500 pCi/g), Th-230 (2,000 pTi/g), Th-232 (2¢ pTi/g) and Ra-I26

(2,300 pTi/g) (Bechtel, 1987b).

Currently biota measurements have nct been ccllected.



B. CFF-SITE CONTAMINATION

QOff-site areas asscciated with this site include Coldwater Creek and the
road systems used tc haul radicactive materials tco the SLAFSS site ani
from the SLAFSS to HISS and the FUTURA areas. Additional cff-site
lrcations include properties next tc the site, ccllectively known as the
Latty Avenue FProperties (Figure 3), the Berkeley Khoury League Fark
(Figure 4), the Norferk and Southern Railrcad property, and pertions of
property near the SLAPSS location including ditches, Banshee Rcad, and

portions of land owned by the St. Louis Airport Authority.

Sediments and scils from Coldwater Creek were ccllected pricr to 1989 and
analyzed fcr the presence of radioactive materials. The results cf
sediment sampling show the presence cf U-238 (4.8 pCi/g), Th-232

(1.5 pCi/g), Th-230 (110 pCi/qg), and Ra-226 2.1 pCfi/g). These values were
above the DCE guidelines for FUSRAP lcocations. Surface scils from alcng
the creek bank suggested the presence cof U-238 (78 pCi/g), Th-232

(5 pCi/g), Th-230 (5,100 pCi/g), and Ra-226 (71 pCi/g) (Bechtel, 1990).

The results of soil sampling from cver 60 properties located along the
haul rcads have been reviewed and summarized. The maximum levels detected
and the correspending depths are given in Table IV (Rechtel, 19903). The
contamination was mostly confined tc a depth of a foot over the haul
roads. Along Latty Avenue, however, in cne area, the contamination was
found as deep as 7 feet. The survey alcng McDonnell Boulevard sugaested
the contaminaticon in cne locaticn was at least 15 feet deep and over

1300 feet in length. OCne isoclated near the intersection c¢f Eva Avenue and
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of Frost Fcad to Fershall Poad. Contaminaticon alcng Pershall Fead was
found at an average depth cf 3 feet with an isclated area contaminated t«

a depth of 12 feet (Bechtel, 1990).

The results rf samplirg supplied from the Latty Froperties was for near
surface (12 inches above the surface), borehcle readings for
gamma-emitting contamination, and soil sampling for radicnuclides. These

data are shown in Table II11 (Bechtel, 1988).

Results of sampling from the recreational area indicated that the
concentration, in scils, of U-238 was 10 pTi/q, Th-230 was 20 pCi/g, and
2

Ra-226 was pCi/qg.

Railrcad

The ditches running along the boundary cf the SLAPFS were sampled by
measurements in becrehcles for the presence of gamma-emitting radicactive
materials and scil samples. The major ccntaminant in these areas was
Th-230, present at a maximum concentraticn of 15,000 pCi/g. The U-238,
Th-232, and Ra-226 concentrations were 94 plfi‘g, 6 pCi/g, and 120 pCiq,
respectively. These maximum ccontaminant levels were found in surface

scils (@ maximum depth of cne foct).

Banshee Road bcrders the SLAPSS on the scuthern boundary. The sampling cf

this area included 48 beoreholes and samplina of surface scils. Tw? areas
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showed elevated levels of Th-Z230 (34 pTi g9) with U-238 (<46 pTi. 3}, Th-

and Ra-I26 (<7.1 pCi/g) also present.

No cff-cite air sampling data f.r Rn-Z2lc was supplied.

Results of general sampling c¢f biota alcng ditches near the creek showed
that Ra-226 ranged from 0.008 to 0.2 pCfi/g; Th-23Z ranged from 0.0004 to

0.003 pCi/g and U-223P ranged frem 0.02 to 0.16 pCi‘g (Bechtel, 109£3).

C. QUALITY ASSURANCE AND QUALITY CONTRCL

In preparing this Preliminary Health Assessment, the ATSDR relies cn the
infermaticon previded in the referenced documents. The ATSDR assumes that
adequate quality assurance and quality control measures were fellewed with
regard tc chain-of-custody, laboratcry procedures, and data reporting.

The validity of the analyses and conclusions drawn for this Freliminary
Health Assessment is determined by the availatility and reliability cf the

referenced information.

D. FHYSICAL AND OTHER HAZARDS

The three 3reas compcsing the NFL site are fenced and placarded as a
radiaticon area. There are nc physical hazards at these areas. The
Faserall field is not part of the NFL site, lbut the city, St. Louis has
clcsed the field and placed signs stating the area is closed. The area 1
not fenced and access i1s not contrelled.
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FATHWAYS RNAILYSES

A.  ENVIRONMENTARL FATRWAYS (FATE END TFANSEOFT)

The Ccldwater Creek flows through or fcrms the boundary of the areas.
There is no known use of the creek for recreaticonal purposes or as a water
source. The creek, 12 miles in length, flows intc the Misscuri PRiver
about 15 miles ncrtheast of the SLAFSS area. The river serves as the
area’s source of potable water with the nearest water treatment facility
on the Misscuri Riwver above the confluence of the creek with the river.
The SLAFSS was used withcout liners cor a leachate collection system and
runoff can ard has entered the creek. Surfarce water runcff ultimately
flows into Ccldwater Creek by direct overland flow or by drainage ditches

into the creek that flows ncrth ncrtheast intc the Missouri River.

There are twc groundwater systems at the SLAFSS. The upper zcne 1is
composed of a wind depcsit or eolian layer and a lacustrine site cr lake
depcsit. The lower zone is composed of the lake deposit material only.
Separating the upper and lower zone is a depcsit cof legislature silty clay
{Bechtel, 19686). The underlying aquifer is alluvial and approximately

2

o

feet below the surface, is estimated to be 100 feet thick and includes
clay, slit, and gravel depcsits. The depth to the water table ranges from
25 to 35 feet. The water from the gystem 1is saline and wells produce low
velumes of warer. There is nc known use of the agquifer within a 3-mile

radius c¢f the site.



Leaching from the scil to the groundwater has cccurred. It is unknown if
the groundwater, which is believed to flow toward Coldwater Creek,
discharges intc the creek,

The air pathway includes ionicing radiaticn and En-ZZ2. The icnizing
radiation can easily penetrate air and nominal thickness materials with no

or very little attenuation. Rn-222 is an inert, radioactive gas and

migrates easily through air.

There are no identified pathways for exposure from potentially
contaminated biota. Nc commercial or private crops are grown in the area

and no hunting cor fishing is likely to cccur in these areas.

B. HUMAN EXPOSURE PATHWAYS

Apparently, the surface water and groundwater are not used for water
scurces in the area, therefcore, these pathways are nct considered viable
routes for exposure. Furthermore, the drinking water standards of 40 CFFR

141 for radicactive materials are not exceeded in Coldwater Creek.

The expcsure to ionizing radiation at the areas, althcugh elevated in some
areas, 1s not of concern because of the little amcunt of time a member of

the putlic wculd spend in the areas of higher radiation.
The concertrations of Ra-226 and Th-230 at con-site lccaticns are above the
EFA and DOE limits of S pCi/g from 0 to 1% cm and 15 pCirsg over any 1% cm

of scil beneath the surface (40 CFE 1230-192). Az these areas are now
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inert, some will ke absorbed into the bl--d from the lungs and transpirted

through the body (ATSDE, 198%a). Hewever, the radcn decay preducts are

g

charged particulates in nature and will elec*r~statically depcesit 2on luna
surfaces. As these products decay further, many emit alpha particles that
are completely absorbed in the structures containing the radoen decay
products. These particles are the major health hazard from exposure to
radon gas.  The National Council on Radiation Frotection and Measurements
estimates the annual dose frem raden tco the bronchial epithelium is

190 millirad for males and 10 year old children and 170 millirad teo
females (a rad is an estimate of the radiation expcosure actually abscorbed
by a body). The life time risk of develcping lung cancer frcm the
inhalation of radon at a concentration cf a picocurie per cubic meter is
estimated at 0.21 per 100,000 population. It is estimated that the annual

expcsure to raden alone exceeds the exposure tc all cther naturally

occurring sources of radiocactivity (NTRF, 1984).

The concentration of Th-230 in scils is in the picocurie range and

1 picocurie of Th-230 has a mass of 48x10‘1: grams (picograms). This
amount of thorium is not considered a chemical hazard. Mice exposed to
milligram amounts of thorium per cubic meter for 18 weeks showed no
compound-related mortality. Similar types of studies with rats, guinea
pigs, rabbits, and dogs resulted in similar findings. There have been no
studies with humans concerning systemic expcsures to thorium alene. A
statistically significant excess of deaths resulting from pancreatic
cancer has been reperted in former therium workers exposed to

0.12 milligrams/cubtic meter (ATSDR, 195%2k). Rased on the amcunt of

therium present at these areas, the greates* hazard is the exposure t



alpha particles and cther radiations emitted from Th-230. The committed
whole bedy dose eguivalents (the radiation dose delivered over a S0-year

period fcllowing intake cf a specific rad:icactive substance) fcr this

radioisctcope are approximately (.32 10 rem per picccurie inhaled and

-3
0.24x10 ° rem per picocurie ingested (VUSEFPA, 197P).

Appendix 2 gives the DOE calculations for individuals using the
recreaticnal fields. The ATSPPR has reviewed these calculations and its
calculaticns were higher than those calculated by the DOE (ATSDR-1%5 mrem;
DCE-6.5 mrem). ATSDF agrees with the initial calculation of the amcunt cof
contaminated dust inhaled. The difference in calculaticns appears to be
in the amount cf dust potentially ingested by a ball player The D0OE did
not estimate the ingestion of soils by a person sliding into a base in the
contaminated areas but used a value of 100 milligrams :ngested. The ATSDE
used a value of 1 gram soil being ingested that wculd acccocunt for the

increase in the committed dose.

CONCLUSIONS

Based upon the information reviewed, the ATSDR ccnsiders the St. Louis
Airport Storage Site, the Hazelwood Interim Stcrage Site and the Futura
Coatings, Company NFL site to be a pctential public health concern.
Emissicn cof Rn-222 into the air and the presence cf Th-230 in cff-csite
soils are considered the primary contaminants cof concern for the ingesticn

and inhalation human-exposure pathways.



RECOMMENLUATIONG

The ATELR recommends that additional remediation and chemical
characterizaticn by the Department cof Energy ke completed and submitted t«
ATSDR for evaluation. It 1s the Agency’s understandinag that the
additicnal chemical characterization 1s presently being performed and that

additicnal site remediation is continuing fcr these areas.

Additicnal sampling data 1is required for ATSDR tc complete its assessment
cf these areas. These data include mcre complete air menitcring data for
cff-site locations and sampling data for rcads used to transport

contaminated materials tc and from these areas prior to clean up.

When indicated by public health needs, and as rescurces permit, the
evaluation ¢of additional relevant health cutcome data and community health

cencerns, if available, 1s recommended.
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Envircnmental and Health Effects Assessor: Paul A. Charp, Fh.D.
Health FPhysicist
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Summuary Statement on Excess Cancer Adjacent to a Radioactive Waste Site
in Hazelwood, Missouri

Missouri Department of Health
Division of Chronic Disease Prevention and Health Promotion
201 Business Loop 70 West, Columbia, MO 65203
(314) 875.2219

Inquiry No/Name:
CI89-002 (Launy Avenue)

Number and Type(s) of Cancer Inijtially Reported:

Leukemia -- Four cases (two children, two adults)
One person with two separate primaries (colon and prostate)

Time Period:
Last twenty years.

Location:

Four adjacent houses plus another house on the same block in
Hazelwood, MO 63042 (St Louis County)

Cause Suspected by Initiators:

Radioactive Waste Site on Latty Avenue.

Related Inquiry:
88-017

St. Louis Radiological Sites

Summary of Inquiry:

In January 1989 the parents of a child with leukemia reported four cases of leukemia
associated with the four houses in closest proximity to the Hazelwood Intenm Storage Site (HISS)
on Latty Avenue plus a fifth cancer case -- a man with two separate primanies -- at the far end of
the same block. They stated that there are only six houses on the block and that an interstate

highway isolates these houses from the rest of the street. They asked the Missoun Department of
Health (MDOH) to ininiate an inquiry.

Summary of MDOH Activities:

The Hazelwood Interim Storage Site had already come to the attention of MDOH. In August
1988 a citizen requested health studies of persons living near five sites in the St. Louis area: HISS,
the St. Louis Airport Site (SLAPS), the St. Louis Downtown Site (SLDS), Westlake Landfill
and the Combustion Engineenng plant at Hematite, Missouri.

For this inquiry (88-017) a search of mortality and incidence data had been conducted by census tract for the furst
four sites and by z1p code for the remaining site. MDOH personnel had also visited all sites. No excesses of cancer
thought to be associated with anv of the sites were revealed by the daia searches. The search of death data
encompassed the peniod 1979 - 1987; data were obtained from death ceruficates submitted to the State Center for
Health Statistics and included all persons resident in the particular census tract or 21p code with a cause of death
ammediate or underlying) attnbuted to any type of cancer dunng that penod. Observed vy expected deaths were
calculated for four age groups and ol deaths, by sex




Summary of MDOH Activities conunucd:

Incidence daw were obluned from the Missoun Cuncer Regntny »MCR: and included all new cases of cancer
reported 0 MCR between August 1954 vwhen the law mandaung reporing of new cancer cases became effecunes
and September 1688 Observed vs. expected cases could not be calculated since MCR 1s not yvet populauon-based

{Approximately 85% of hospitals 1n the state are 1n comphance with the law; most of the noncompliant hospitals are
small and rural )

MDOH personnel also graphically pioued cancer cases and deaths around two of the sites, SLAPS and HISS.
(No disuncuon was made between incidence and death but lists were cross-checked to avoid having one person
counted twice) These two sites were the only ones where people were hiving nearby and it was known that

conlamination was not confined 1o a imited area. Further, the two sites were close 10 each other and two populated
census racts were contiguous.

The visual displays showed no abnormal clusienng. However, the presence of acute myelogenous leukemsain a
child hiving on the street in closest proximity to the HISS site was noted. No deaths and only one other casc were
recorded for this strect and no deaths or cases were recorded among residents of the next closest surect.

The second case involved an elderly man diagnosed with two separate primaries (colon and prostate). Given the
man’s age and the sites involved, only the child’s cancer was thought W be of possible relevance 10 a radicacuve waste
site. His was the only acute leukemua in either census tract and also the only childhood cancer. Based on the absence
of stausucally significant excesses of radiation-associated cancers 1n the death data and on only onc potenually

suspicious case from the census tract plotting of deaths and cases, there appeared 10 be litde evidence for an excess of
cancer adjacent 1o the (wo radioacuve waslte siles.

Following the repor of additional cases in January 1989, the MDOH coordinator for cancer
inquiries contacted residents, relatives of cancer victims and surviving cancer victims. The five
reported cases were corroborated and two additional cases were identified (occupants of one of
two houses destroved before constructon of the interstate highway). Even though there seemed to
be several different kinds of leukemia and the relevance of some cases was uncertain, a picture
began to emerge of a possible cluster in space if not in ume. This, coupled with known and
suspected contamination and the general public fear of radioactive waste, led the Cancer Inquiry
Adwvisory Committee to request an expansion of the inquiry in February 1989.

Activities related to the expanded inquiry included contacting residents and former residents.
obtaining signed consents for release of medical records: reviewing medical records: conducting a
literature search: obtaining additional information from residents/former residents, the U.S.
Department of Energy (USDOE) and others; and constructing chronologies and a time line.
Medical record releases were obtained for all seven cases previously identified plus two additional
ones, one identified during the course of interviews and one diagnosed duning this penod, and
records pertaining to eight of the nine cases were reviewed. A synopsis of the results of this
review is attached. One chronology was developed for residence on the street by house since 1946
(the year recoverable process wastes were first transported to SLAPS); included were vears of
residence, age. occupation and health status of each occupant, and cause of death (information on
occupants of one house is presently incomplete).

Chronologies were also established for SLAPS and HISS, detailing what was known about
amount and type of radioactive waste materials and contamination levels for the sites, surrounding
properties and haul roads. Finally, a Time Line (attached) was constructed, based on the
chronologies, medical record synopsis and published data on radiaton-induced tumors. Residence
on the street, vear of diagnosis and type/site of cancer and latency penod/increased incidence for

each type were plotted for each case in relation to presence of radioactive waste matenals at
SLAPS and HISS.




Number of Cases Confirmed:

Nine

Typets) of Cancer Confirmed:

Leukemia tAML. ALL, hairy cell), Ivmphoma, thyroid. prostate. colon. breast,
melanoma

Plausibility of Relationship between Suspected Cause and Confirmed Cancers:

Only one of the nine identified cases. the melanoma diagnosed in 1952, can be ruled out with
some cerntainty. The five leukemias and lymphomas appear to be of greatest concerm. However,
the relative sensitivity of female breast and thyroid ussue to radiation induction of cancer 1s
categorized as high or very high; alimentary tract tissue has moderate or low sensitivity but the
colon is the most likely site if it does occur (BEIR /1I) . The spontaneous incidence of both colon
and prostate cancer is high but two separate pnimaries are somewhat uncommon. Further, at least
one report (BMJ 291:440-447) has linked prostate cancer and radiation exposure, although
generally this tissue 1s not thought to be sensitive to radiation induction (BEIR 111 .

Tentative Conclusions:

According to USDOE, the pnincipal contaminant now found at the HISS site and along the haul roads 1s
thonum-230, an alpha emutter. and poses a potenual health hazard only if 1t 1s taken 1nto the body via ingesuon of
inhalauon. Gamma radiauon above background levels has also been menuoned.

One case, the melanoma diagnosed in 1952, can be ruled out with some centainty both by time
and type. None of the eight cases which underwent medical record review can be completely ruled
out. No case 1s conclusively associated with exposure to ionizing radiation and some are less likely
than others (notably the medullary carcinoma of the thyroid), but radiation induction remains a
possibility for any or all, if both sites (HISS and SLAPS) are considered as potental sources of
exposure. Given the concentration of malignancies in tissues known to be sensitive 1o ionizing
radiation and in sites/types for which spontaneous incidence of cancer is low to moderate, such an
explanation is plausible. If presented with available data, the public would be unlikely to believe a
staterment that there is no association between any of these cancers and the radioactive waste sites.

Note: Radiauon induced cancers are indistinguishable from spontaneous malignancies in lerms of pathology or
histology.

Recommendations of Cancer Inquiry Advisory Committee

Obtain additional data on radiological surveys of the area.
Seek assistance from the Centers for Disease Control.

Summary of Non-MDOH Activities Related to Inquiry CI89-002

Beginning Sunday, February 12, 1989, the St. Louts Post-Dispatch ran a seven-part scnes on radioactive waste
sites 1n St. Louis and followed 1t up with a single arucle, a "health repont”™ uded "Cancer in a Cluster™ (Saturday,
March 18, 1989). The follow-up arucle featured the family of the chiidhood lcukemia victim and pinpointed
SLAPS. HISS and a “lcukemia cluster” on an area map  On Monday, 26 June 1989 Congressman Jack Buechner
held a town meeung at the Hazelwood City Hall to discuss radioactive waste contamination and cleanup of the
Hazelwood Intenm Storage Site and surrounding area. Representauves of USDOE, USEPA, MDNR and MDOH
were present Lo answer questions  The St Low:s Post-Disparch and three area TV stauons covered the meeung. In
September, the woman whe imiuaied this inquiry reccived a response 1o the letter she wrote 1o President Bush.
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Synopsis of Medical Record Review*®

dame Diagnosls Lensih af  Data of
Rasldsncs Rx Ast L Dx.  Date of Death
Whus maie Leukerns (ANLL/AML - <binh-  6/870 18 months N.A.
(DOB 919 88) acute non-lympbocyuc I/ preseat
acute myelogenous ] )
White male Colon ca. (sdenocarcinoma
(DOB 11.1.17) of the splenic flaxure)! ¢.1921. 9840 66 7894
Prostate ca. (poorly death
differentiared adenoca. )2 9/843
White female Breast ca. (inraductal/ductal  8/84 - /8 36 N.A.
{O0OB 10.852) adenocarcinoma) present
White {emale Leukemia (AML - acute c. 1946 -
(DOB 10.22.04) myelogenous 1) deeth 388 83 3/88
White male Leukemis (acute lympho-  7/58 - 1169 1S 210
(DOB 830.54) blasuc L) death
Diffuse malignant lymphoma 269 14
White male Lymphoma (diffuse c.1955- 12717 69 59
histoc ytic lymphoma)8 1962
White male Leukemia (HCL - 1940 - 688 S8 N.A.
(DOB 12.20.29) bairy cell 1.) c. 19547
White fernale Melanoma (3rd toe, 1. foot) ¢. 1937- §/52 19 1/53
(DOB 7.133) death
White male Madullary carcinoma of €. 1937. 3563 30 667
(DOB 3.132) thyroid? 1956

ODuagnosed at birth with Trisomy 21 and clinical Down's Syndrome.

!Duke's Stage B-TI, withou: liver involvement 2Gleason's grade 6.

3Not detected during regular office visits 10/77-9/84; first sought atzention for symptoms which led to dx 8/84.
40f metastatic ca., probably from colon.  3Dysfunctional myelopoiesis since 1982; aplastic anemis dx 5/85.

€Stage 1I-B. TMoved afier marmiage but continued to make regular and
frequent visits (1954 - present) o mother's house on Nyflot

81nformarion from aunt, corrobaraied by death centificate; medical records could not be locared.
SCervical metastses were aleady present when referred to Barnes in 4/63.

*Inital reviews were conducted by Jeannette Jackson-Thompson, M.S.P.H., Ph.D.,
coordinator for cancer inquiries, MDOH. Potentially rclevant portions of cach medical record

were photocopied and reviewed by Todd F. Baumgartner, M.D., M.P.H,, medical
epidemiologist, MDOH.
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Edward J. Skowronski !

From  Senior Regional Representative%%jftf

ATSDR

Sublect Health Consultation on the St. Louis Airport Site
St. Louis, Missouri

To John K, Chen
WSTM/SCOM/SPFD

[ have reviewed the very limited data sheets, maps and other information
from Bechtel National Inc., dated 11/12/87 and 11/18/87 on the St. Louis Airport
Site. This consultation constitutes a review of this specific information
and data, and it should not be considered a complete health evaluation of the
site.

The information and data were discussed with Dr, Mark McClanahan of the
Agency for Toxic Substances and Disease Registry in Atlanta, Georgia.

Due to a lack of information on the site as a whole, the ATSOR could not
offer any opinion on the public health consequences that may exist. They do,
however, basically agree with statements made in the short "Risk Assessment for
Soils in Coldwater Creek Floodway Near Latty Avenue." The risk from radiation
associated with both the soils and surrounding areas seems small. There does
not appear to be any short-term hazard from these materials in the isolated
area. Finally, since the major contaminant, Thorium 230, is an alpha emitte-,
it is assumed that vegetation or other stabilization techniques of the area
would act to further reduce any potential human exposure,

The ATSDR will be pleased to review any additional data that may be
generated. Further review, however, may necessitate a change or modification
of our current advice or recommendations.
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April 20, 1988

Mr. Larry Birkla, City Manager
City of Berkeley

6140 North Hanley Road
Berkeley, Missouri 62132

Dear Mr, Birkla:
RADIOLOGICAL STATUS OF RECREATION FIELDS

This letter is in response to your inquiry concerning the raciological status
of recreation fields used by the City of Berkeley with regard to potential
health risks to persons playing on the fields.

The Derartment of Energy (DCE) has “"standards” or guidelines for radioactive
contanination in soil that are adopted from Environmental Protection Agency
{£PA) quidelines. If soil contamination exceeds these guidelines, remedial
aztion is considered, On a site specifiz basis, contamination levels abaove
DOE guidelines are reviewed to determine if there is any practicable way for
the contamination to reach the human environment in sufficient quantity to
represent a potential health hazard. If such a hazard exists then action is
taken immediately. However, if it is determined that there are no significant
health risks then site clean up is scheduled accordingly.

In Dctober of 1986 samples were taken from the recreation fields in the area
extending about 300 feet north of McDonnell Oouglas Boulevard. A&nalysis of
these samnles found that contamination exceeding DOZ soil contamination
guidelines was present, This is the same information that was provided to you
and to the director of the Airport Authority in a letter dated March 11, 1987,

Utilizing these data, a conservative hazard analysis was performed on the
recreation fields. This analysis made conservative assumptions on conditions
which are not nornally present, such as continuous high dust levels containing
the radioactivity. Also, all of the contamination was found in grass covered
areas which further reduces the risk of exposure to ball players by means of
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iniesticn or Tnnalation,  Tne results o€ this hazard assessTent show tnat a
5211 claver will receive a maximym radiation dose 2¢ 12,2 mrem per 537"
seascn, which 15 below the dose the public receives from naturally occurring
raciaticn in the earth, building materials, and the atmosphere. Natural
background radiation levels have been estimated to be approximately 100-150
mre™ per vear., Based on this analysis DOEf has concluded that continued use of

the recreation fields presents a level of risk well below the standards for
the public.

In order to obtain additional information, more soil samples were taken in
November 1987, including 26 samples from the infield areas of the ball

fields. No areas of contamination above the DOE soi) contamination guidelines
were found in the infields. This survey was consistant with data collected in
1985 for other areas of the recreation fields.

The recent concern over the safety of the recreation fieids apparently
originated abou*t two weeks ago when we provided a briefing to representatives
of the McDonnell Douglas Corporation. They had no* previously heard of the
contamination on t'2 recreation fields and were understandably concerned over
the sa‘ety of their emplovees who use the fields., While this information was
first outlined to McDonnell Douglas employees two weeks ago, it is the same
gdata *ha* had been proviced to the Airport Authority in March of 1987 and was
reported in the St. Louis Post-Dispatch on April 9 and 17 and June 18 of 1987,

We fully understand the sensitive nature of this issue and will work with you
an? your staff to provide any adZitional information needed by the City of
Berkelev. If you have any questions, please contact me or Mr. Andrew Avel of
my sta‘f at (615 576-0844,

Sincerely,

Peter J7 Gross, Director
Technical Services Division

cc: Thomas A. Yilla, President, Board of Alderman, St. Louis
Joseph H. Copeland, McDonnell Douglas Corporation
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Ap-il 20, 1988

Mr. Larry Birkla, City Manager
City of Berkeley

6147 North Hanley Road
Berkeley, Missoyri 63134

Dear Mr, Birkla:
RACICLOGICAL STATUS C RECRERTION FIELCS
Please find enclosed a copy of the hazard assessment which was referenceZ ir

our letter 0f Anril 202, 1088, If there ars any questions, please contact Mr,
Anlrew Avel at (€15) 576-0344,

Peter 7’Gross, Director
Tech®ical Services Division

Enclosyre:
As stated
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Calculat:ions
Tgtirate cf wre B0 vezr cormivted effective dose fro- doen
1nralaticn by the bzll plavers at SLAPS rallfields.
Assc.rnticons:
1. It 1s assured that the playing season is 1B weeks per
year. Tris !s the normal season lercth. .
2. The player is at the ballfields for B hours per week. Tr:c

gives a total number of hours at the playing field fcr tr

seascn to be 144 hours. This arount of tire wouléd previie
for cne hour of practice each day and one two hour care
eacr weewx,

3, Trne resp.raticn rate is that for a standard ran dcing izt
work, G€TT liters per B hours. This respira‘t:on rate w::
cnogen s.ince baseball dces not recuire great exerticn,

5. k1l cf t-e dict particles are assurmel to be ¢cf respiracle
€i2e, 1 ricrcn.

. Tre macs lcading ¢f s2il in the a:r is assured tc be ¢
mz/r3,  This is 80% cf vhNe RCCIH TLV for nuisance doste.
Sirnce rocst cf the btellfielld area 1s covered with sc?d t-n:.cs
shoolS De very conservative,

Meercd for ecstirmetinc the S50 vear ccrritted effective cose:

Tre arcunt ¢f c.st inralel per cseascn 1S civern by:

€.s* 1nhaled/seascn farcunt ¢f dust In the air) X (respirazticr

rate) ¥ (tire) substititing the asscormed values cgives:

Zer ipmrales - = € o S NN | - ye-2

d.et inraled/season = (S rg/r-) x (1077 g/mg) x (1C~~-

2

~S/liter) x (%€60C liters/E hr) x {1¢&4 hr/season)

= C.E864 g/season

Frcm this the 5C vear cormitted effective dose eguivalent for
one season's exposure is given byv:

t0 year corritted effective dose = (dust inhaled/season' X

(scil concentraticn ) x
{comritted effective dose ecuivalent factor)

Table 1 cives the isotope, averace soil concentration, cor-:

ttec
dose eguivalent factor, and the 50 year ccrritted effective é::e
for the isctopes present at the SLAPS ballfields., The tcotel =0
year ccr-itted effective dose fror inhalation for cne seascn cf

rlav 1s 6,3 rrer.



M
(1Y
(X% I

o0

[ X)
>4

ITI.

14€0¢-

~inant) x (soil

The ecstiracte of

external dose eguivalent = (effective contarination/cr?)
(external dose rate conversion
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dose rate conversion factor,
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concentration,

Estirate
dust

0of the external dcse ecuivalent
cloud at the SLAPS ballfields.

from

5

the external dose eguivalent 1s then g:iven

immersion :in

«t

cens:ty)

-

X
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Latio"s

Fstirates cf the externzl dcece ecoivalent frorm thre gIil o av e

SLAPS tallfields

Ass.mT¢t:ponc

1. It is assured that the plavxnc seascn 1s 18 weeks per
year. This is the norrmal season lencth.

2. The player is at the ballfields for 8 hours per week. 7T=h:s
gives the total number of hours at the playing fiel2 %o te
144 hours per season,

2. Scil is assured to have a density of 2 g/cm3,

§. Al1l1 of the contarinatior conrntaired in the tcp 18 ¢r cf sc:il
is assured tc te an infinitelv thin laver at the surface,
Inccrporated in this assurption 1s the fact that there :s
ro contavwination below 15 crm,

< Al]l shcrt-live?d dau"h:ers are assured to be in secilar
ecuilitricrm with their leonc-lived parent or be present a:
the relative abcuncer ce founcé naturally.

MetroZ for estirating the external dose eguivalent:

For this estitate 1t ig asscred that all cf the ccocntarminast.cor

ir tre 1% cr of the scil 1s locate? at the surface:; this

concentraticn will be called the effective contarinaticrn./co

The effective ceontarination/cr<d is civen byv:

effective contarination/cr? = concentration cf

by

external
and the external dose eguivalen:t
The tcta.
isotopes is a 3.9 mrer.

e
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TalZ..&tiCns
raze

Peso~reicnc

l1. It :s assured that the rlay:ing season s 1€ weerc fe
vear.,

2. The rlayer 1s at the ballfields for B hours per weer,

3. The mass loadinc of the soil in the air is acsured ¢
be S mg/m3.

4. All short-lived cCaucghters are assumed to be 1n sec:!
eguillibrium with their lonc-lived parents or be prec
at the relative abundance founcd turally.

Methcl cf est:irating the exterral dcse eguivalent fror irter:
in a8 cost cloos,

Trne externa. docse ecuivalent frem immersion In a cust cloor
civen by

exterral dcce ecoivalernt = (so:l concert'a“iOﬁ\ X

(rass loading factor) x
(dcoce rate conver51on factor) x
{time spent in dust cloud)
Taz.e 2 g.ves the 1sotcces, averace so1)1 concentration, exter
£zce rate ccrnversicn factcr, and the external cose ecuiva.ent
fcr the isctopes present at the SLREPS ballfields. The tcotel
estirate? exterral dose ecuivaelent fror irmersion in a cos:
clcod s 2.8 x 10°€,
All cf wre inforrmation for these celculations were takern frcr
*Models and Parareters for Environrmental Recioloaical
hececerents®, DTI/TIC-11468, 1GE¢
4ETE-¢

fu



Tatle 1: rTata fcr the calculaticrns ¢f the 5C vear ccrritted Zose
ec.ivalent

Average Scil Ccmrmitted Effective S0 Year Ccr~.ttel
Corcentration Dose Fgu:ivalen: Dose Eguivealen:

Isotope (PC1/g) (mrer-/uCi) (rrerm)
U-238 10 1.0x20°  (Y) B.6 x 10 °
~h-234 10 3.0 x 10%(w) 2.6 x 107%
Pa-234~ 10 3.7 x 1073 (W) 3.2 x 1078
pa-234 0.013 9.6 (Y) 1.1 x 1077
v-234 1c 1.1 x 10°(Y) 9.5 x 107-
mh-220 20 3.7 x 10° (%) 6.5
Ra-226 2 £.5 x 10°(w) 1.5 x 107°¢
Rn-222 2 2.8 x 1070 (o) 4.8 x 207
Po-21€ 2 1.1 () 5.4 x 10°°¢
Pb-214 2 1.5 x 107 (W) 2.6 x 1077
Bi-214 2 1.2 x 108 (W) 2.1 x 107°
Po-214 2 1.7 x 107% (W) 2.9 x 107-2
Pr-210 2 2.6 x 10° (W) 4.5 x 10°°
Bi-210 2 2.0 x 10% (w) 3.5 x 107°
Pc-210 2 1.0 x 108 (o) 1.7 x 107¢
ThH-232 2 6.1 x 107 (W) 7.1 x 107"
Ra-22€ 2 1.7 x 10° (W) 2.9 x 10°°
Ac-228 2 4.4 x 10 (v) 7.6 x 1077
Th-228 2 1.2 x 107 (Y) 2.3 x 107"
Ra-224 2 1.2 x 10° (W) 2.1 x 107°
Rn-220 2 2.6 x 1070 (=) 4.5 x 107
Po-216 2 2.3 x 1073 (v) 4.0 x 107°
Pb-212 2 2.3 x 10° (W) 4.0 x 107°¢
Bi-212 2 3.5 x 100 (W) 6.1 x 107°
Po-212 1.3 3.6 x 1077 (W) 4.0 x 107°°
T1-208 0.7 1.0 x 1072 (W) 6.0 x 10°°

l4ece?



Ca
ec.ivalernce fror the sc::

Aoeraze Szo:2 Exterrnal Ccee Fate Exterrnal T
lntentrazicn (Cround Scorface) Equivalen:t
(pC:i/c) Convers:cn Factor _ (rrer)
Isotoze (rer/yr per uli/cr<
U-238 10 €.7 x 10° 2.8 x 10°°
Th-234 10 8.9 x 10° 4.4 x 1072
Pa-234- 10 1.1 x 10% 5.4 x 1072
Pa-23¢ 0.012 1.8 x 10° 1.2 x 1072
U-234 10 7.1 x 102 3.5 x 1073
~h-237 10 7.8 x 10° 7.7 x 1073
Ra-126 y 6.8 x 10° 6.7 x 1073
Rn-222 2 3.7 x 1¢0° 3.7 x 1077
Po-218 z 0.0 0.0
Pr-z1d 2 2.5 x 10° 2.8 x 107"
Bi-21¢ : 1.3 x 10° 1.2
Po-214 2 7.9 x 1¢? 7.8 x 107°
Pr-z1c 2 2.6 x 10° 2.6 x 1077
3i-217 : 0.0 0.0
Po-21C 2 g.1 g.0 x 10°°
mho232 2 €7 x 107 c.6 x 127°¢
Ra-2If 2 4.8 x :c° 4.8 x 1077
Ac-228 2 6.5 x 10° 8.4 x 107-
mro22% 2 2.4 x 10° 2.4 x 10773
Ra-224 2 1.0 x 10° 9.0 x 10773
n-220 2 5.0 x 10° 5.0 x 10°°
Po-216 2 0.0 0.0
Pb-212 2 1.5 x 10° 1.5 x 1074
Bi-212 2 1.7 x 10° 1.7 1073
Po-212 1.3 0.0 0.0
T1-208 0.7 2.8 x 10° 1.0

legne s

ta for the calculations cf the estirmated exterra.
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Cata fcr the caliculaticns of the estirated externa. cdice
eg.ivalence fror the {rrersicrn in a dust clou?d.

Averace Sc)) Exrerra. Tose Fate Exterral Tcce
Ccrncentrat:icn cnvers:cn ractcr goivalens
(pT2/¢) (mre~/yz per uCi/crm®  (rmrer)
(Irmersion)
U-228 10 4.6 x 10° 3.8 x 10°3°
Th-234 10 3.4 x 10 2.8 x 1078
Pa-234 10 5.6 x 10 4.6 x 10°¢
234 0.0:3 9.60 x 10° 1.0 x 107F
6-234 10 6.70 x 10° 5.5 x 107+°
TH-23C 20 1.7 x 20f 2.8 x 107°
Ra-126 2 3.7 x ¢’ €.1 x 10°°
PR-122 : 1.5 x 1c° 3.0 x 107°°C
Po-218 2 0.6 0.0
Po-214 2 1.1 x 10° 1.8 x 1077
3i-11¢ 2 7.7 x 12° 1.3 x 10°°
Po-214 2 4.1 x 10° €.8 x 107"
Pr-210 2 5.9 x 15° 9.7 x 10+
Bi-210 2 0.0 0.0
Pe-210 2 4.2 x 10° 6.9 x 10717
mh-232 2 .2 x 1C° 1.4 x 107°¢C
Ra-228 2 2.3 x 10° 3.8 x 107%°
Ac-22€ 2 4.5 x 10° 7.4 x 1077
mH-126 2 §.8 x 10° 1.5 x 1077
Ra-22¢ 2 4.6 x 10 7.6 x 10°°
Rn-220 2 2.5 x 10° 4.1 x 10°°°
Po-216 2 0.0 0.0
Ph-212 2 6.7 x 10° 1.1 x 1077
Bi-212 2 9.0 x 10f 1.5 x 107
Po-212 1.3 0.0 0.0
T1-208 0.7 1.9 x 10° 1.1 x 107€

Yegrs-a



Tatle

Tatle

Table

Takble

pel

TABLEC

Envirconmental Sampling Data for the St Louls Airport Stcoraae

Site.

Envircnmental Sampling Data for the Hazelwood Interim Storage

Site.

Off-site Radionuclide Levels from the Latty Properties.

Maximum Contamination Levels alcong the Haul Roads Asscciated

with the SLAFSS NPL Site.



Takle I

Ervirconmental Sampling Pata for the 5¢. Louile Alrport Storage fite

Groundwater Surface Water Sediment Scils
Uranium £,500 pCi/L 0.4 pCa1/L 1.7 pCi.g 1,600 pCi g
Th-230 S0 backaround 4.1 2,600
Ra-226 1 background backaround 5,600
Table 11

Environmental Sampling Data for the Hazelwood Interim Storage Site

Groundwater Surface Water Sediment Scils
Uranium 87 pCi/L 5 pCi/L 1.7 pCi/g 800 pCi/g
Th-230 64 0.9 4.8 780

Ra-226 3.7 0.3 1.2 700



Table 111

nff-site Radionuclide Levels from the Latty Froperties

ro
[gS]
(oA

Location U-238 Th-232 Th-230 Ra-2

Wagner Electric

Corporation 18 (1) 5 (1) 810 (0.%) 11 (0.%)

General Investment

Fund 100 (0.95) 5 (%) 5,700 (0.%) 83 (0.%)

Crow-St. Louls <20 (8) 4 (8) 460 (0.%) 10 (0.5)

SLT Warehcuse

Cempany <39 (2) S (%) 15 (1) 4 (2)

Graham Engineering

~J

Corporation <30 (8) (8) 12 (0.9) 4 (6)

Values are expressed in pCi/g soil with the value in parenthesis the depth

at which that level of ceontaminaticn was found.



Table IV

Maximum Tontaminaticn Levels along the Haul Foads

Locaticn

Latty Avenue

MzDonnell Bcoulevard

Hazelwcod Avenue

Pershall Road

Asscciated with the SLAFSS NEL Site

48

59

73

U-238 Th-232 Th-230

.2 (1.5) 9.5 (2) 1,413
(0.5) 9 (8) 2,200 (0.8)
(0.95) 9 (2) 4,810 (0.5)
(0.5) 8 (1) 4,900 (0.%)

Values are expressed in pCi/g

depth, in feet, at which that

64

42

o
to

Ra-2.6

(0

soil with the value in parenthesis the

level of contamination was found.

.5)



Figure

Figure

Figure

Figqure

Figure

Figure

FIGUE

Location of the SLAF, HIS,

Boundaries of the

&)
N

and FUTURA Sites.

HIS and FU'TUPFA Sites.

Location of the SLAPS Vicinity Froperties.

Lecation of the Latty Avenue Vicinity

V1 Froperties.

y
P

SLAPS Environmental Monitering Locaticns.

Surface Water,

the HISS.

Groundwater,

and Sediment Sampling Locations at
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